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The Curious Question of
Social Synchronization
By Jennifer Cabiya
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ave you ever clapped in
time with an audience at a
concert or sporting event?
Have you ever fallen into step with
your friend on your way to class
the way marching bands do? Then
you’ve experienced a phenomenon known in the neuroscientific
field as “social synchronization.”
This term refers to the experience
of matching your actions to a
tempo set by another person, distinguishing it from regular “synchronization,” which is when you
follow a beat from a non-person
stimulus, like when you dance to
a song. While it seems simple, the
science behind this universal skill
is steeped in complicated interactions within the brain as well as
a history of conflicting models to
explain it. This article will explain
the most widely accepted cognitive
model of synchronization, discuss
the practical implications for social
synchronization, and as introduce
you to a field of study where social
synchronization is used commonly: two-person neuroscience.
As you can see in the picture to the , social synchronization
is needed to keep parades looking
organized. It can also be implicated in any other organized movement such as dance routines, playing patty-cake with a child, and of
course synchronized swimming.
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The current cognitive model
If you’ve ever heard of a pacemaker, the surgically implanted device
that helps hearts beat regularly,
you already know the importance
of keeping time in the body. Other uses for timekeeping includes
circadian rhythms, which help
you wake up and sleep on a regular schedule. These are examples
of endogenous, meaning within the body, timekeeping. Early
research on synchronization assumed that each cell, including
the neurons in the brain, had an
endogenous timekeeper and that
whichever collection of neurons
had an especially robust ability to
keep time, with whatever cellular

mechanism that might turn out to
be, would be responsible for estimating when the body should respond to a stimulus. However this
avenue of research, as many often
do, yielded to a more complicated
notion: that there was a specialized
collection of neurons that handled coordination (Wing, 2002).
Now, you may have heard of the
cerebellum as the part of the brain
that, when exposed to intoxicating
amounts of alcohol, makes you
clumsy. There, specifically in the
right lateral cerebellar cortex, is
where the two-level timing model
takes place.
The two-level timing model, developed by Alan Wing and A.
B. Kristofferson, is a mathematical

Photo taken by Louis Bricese. Retrieved from
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Figure 2 Wing-Kristofferson two-level timing model. Timekeeper intervals (C) are subject to motor implementation delays (M) in defining interresponse intervals (I). Average
I is equal to the average C. However, variation in I reflects both C and M. In particular,
variation in M results in negatively correlated I (tendency for short and long intervaals
to alternate), as suggested by the dashed lines (Wing 2002).

explanation for how the brain synchronizes. The two levels within
the model are the “timekeeper interval” and the “motor implementation delay,” which refer to the
external signal to which you are
trying to synchronize and the time
at which you perform the synchronizing action (such as a clap
or tap of the finger) respectively.
Before you are synchronized with
a tempo, be it from a metronome
or someone else’s cue, there is a
temporal discrepancy between the
signal and your response. The goal
of synchronization is to reduce
this discrepancy to zero. In order
to do that, the right lateral cerebellar cortex must a) measure the
length of time between signals (the
timekeeper interval), b) measure
the length of time between your
responses (the motor implementation delay), and c) determine the
difference between the two. When
this is resolved by averaging multiple signals and responses, the cerebellum sends signals to the motor
cortex in the parietal lobe to adjust
your motor responses. Essentially,
the right lateral cerebellar cortex

is responsible for telling you when
to clap, based on how off-beat you
already are.
Biological correlates for synchronization
The right lateral cerebellar cortex
does not act alone in the process
of social synchronization. It must
interact with the oculomotor system, involving inputs from the
visual cortices in the occipital
lobe and outputs to the motor
cortices in the parietal lobe. Similarly, if the timekeeping stimu-

lus is auditory, then connections
with the auditory cortices in the
temporal lobe are also used. Interestingly, there is evidence of a
structural connection via white
matter (i.e. myelinated axons of
neurons, which send signals across
the brain) between the right lateral
cerebral cortex and the left inferior
frontal gyrus (IFG) (Hodge et al.,
2010). This second area is better
known as Broca’s area, discovered
by French physician Paul Broca in
1861, and is commonly known to
be involved in producing speech.
However, some interesting newer
research also implicates the area in
the interpretation of social actions
(Nishitani et al., 2005). Therefore,
social synchronization may rely on
the left inferior frontal gyrus to interpret signals from other people as
appropriate for synchronization.
Let’s apply this to a practical example of social synchronization. Imagine that you are sitting
at a table when your friend begins
tapping out a tune on the table,
and the rest of your friends begin
to sing along. Your visual system
(the oculo- part of the oculomotor
system) sends information in real

Image is in the public domain, retrieved from Wikimedia Commons.
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time to the inferior frontal gyrus
and the right lateral cerebellar cortex at the same time. When the left
IFG recognizes the tapping as musical, and not, say, a very emphatic
addition to your friend’s rant, then
the right lateral cerebellar cortex
can start synchronizing your hands
as they begin to tap on the table as
well. Your motor system (the -motor part of the oculomotor system)
plans out how your arm and wrist
and hand will move together in
one smooth motion, but it is your
cerebellum that tells you when to
do it.
The left IFG is also known
to have a high amount of mirror
neurons, which help us to mimic other people’s behavior. It is
tempting to assume that social
synchronization relies on the activation of the mirror neuron system, but in synchronization paradigms where voluntary movement
is limited, motor neurons do not
activate (Yun et al., 2012). They
only activate during purposeful
motor activity. Synchronization
can happen on a very small scale
with nonpurposive movements, so
mirror neurons may help to un-

derstand complex motions, but
may not be necessary for the synchronization process specifically.
The right lateral cerebellar
cortex also handles hand-eye coordination, which, for example,
helps you to catch an incoming
football at just the right moment.
Some research has shown that the
ideal disparity between a signal
(such as the sight of an oncoming
football) and the performance of
a behavioral response is 75 milliseconds (Miall & Reckess, 2002).
When this temporal lag between
the expectation of feedback and
the actual sensory experience is
unexpectedly long, the right lateral
cerebellar cortex shows increased
activation (Blakemore, 2001).
The existence of a preference, or
even an expectation, that must
be compensated with extra activation when unfulfilled provides
strong support for the localization
of synchronization to the right lateral cerebellar cortex. By performing experiments that artificially
manipulate the sensorimotor lag,
synchronization can be studied as
the right lateral cerebellar cortex
actively regulates motor behavior.
Retrieved from epilepsyu.com/blog/report-identifies-public-health-actionsepilepsy/
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Practical Uses for Social Synchronization
Aside from the myriad of anecdotal opportunities to exercise your
knowledge of the neurological
underpinnings of social synchronization, research on interpersonal
effectiveness has shown that social
synchronization correlates with
better teamwork and likeability
(Yun et al., 2012). Not only do
those who practice social synchronization later synchronize more
quickly and more accurately (Yun
et al., 2012), they also perform
better on cooperative tasks with
improved joint attention, which
helps to problem-solve more efficiently (Szymanski et al., 2017).
The chameleon effect is an
interpersonal phenomenon wherein people in dyads or a group will
mimic each other’s posture and
small movements. According to
Chartrand (1999), this behavior
is an automatic process, much like
synchronization. It is reasonable
to hypothesize that the chameleon
effect relies on the activation of
the mirror neuron system in the
left IFG which informs the synchronizing process that lies within
the cerebellum in order to keep up
with micro-expressions during a
social interaction. Chartrand goes
on to describe the perception-behavior link, which states that your
perceptions of others’ behavior
will influence your own. This resembles the fundamental effect of
social synchronization: another’s
cues guide your own motor activity, and the interaction between the
two facilitate rapport. A well-fa-
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cilitated rapport is useful in professional settings, but sometimes
difficult to promote naturally. Because social synchronization can
be practiced and improved, however, even a little effort could help
you to literally get on the same
wavelength as your co-workers.
Two-Person Neuroscience
Neuroscience has long been focused on the singular, individual
brain. While some of the most
compelling questions neuroscience asks are fundamentally interpersonal in nature, data collection
is limited by both mechanical and
financial cost. For example, an
fMRI machine can only fit one
person in it to measure brain activity at a time, and its maintenance
costs are often prohibitively expensive for many research groups.
A technique called hyperscanning
is an innovative solution to this dilemma because it allows for two or
more research participants to have
data collected at the same time.
Hyperscanning involves collecting
electroencephalography
(EEG)
recordings through electrode caps
(see image below) from two participants simultaneously while
their data is time-locked (Liu &
Pelowski, 2014). This allows researchers to measure interpersonal
interactions directly, rather than
make assumptions based on data
taken sequentially. By locking two
participants’ data in time, phase
synchronization can be measured.
Phase synchronization is
when two people’s EEG recordings, which are visually represented by waveforms, match up

so that the crests and valleys of
the waves occur at the same point
in time (Liu & Pelowski, 2014).
When phase synchronization occurs at the same node of an EEG
cap, researchers can assume that
the activity in the corresponding
brain area (such as the left IFG)
is similar across the two participants (Liu & Pelowski 2014). This
means that the micro-expressions
and spontaneous motor behaviors
are not just due to random muscle contractions, but are the result
of neurological processing derived
from face-to-face interaction. The
importance of this distinction is
immense: synchronization can be
described as having a dedicated
neurological basis. If this is true,
then it might be able to be studied in model animals or applied to
more integrative theories than if it
were considered emergent at rates
resembling chance. Data, models,
and theories about synchronization could have the potential to
explain how language and music are developed prenatally and
during critical learning years. Because phase synchrony is a marker
of social synchronization in general, which is in turn a correlate of
efficient interpersonal efficiency,
the applications of hyperscanning
can potentially be very direct in
answering questions about the social behaviors of humans.
One promising model for
synchronization in general, though
not necessarily social synchronization, are birds like the cockatoo,
who can be observed dancing to
music with a strong beat (Patel et
al., 2009). By studying their synchronization processes and occa-

sionally their brains, posthumously, neuroscientists could come to
conclusions that are difficult to
make while studying the human
brain, which is more complex.
In fact, areas like the cerebellum
cannot be accurately measured
by EEG, as it is more folded than
the cerebrum, which makes the
electrical signals picked up by the
EEG more scattered in direction.
If the cerebellum is to be studied
in humans, one of the more effective approaches is to use magnetoencephalography (MEG) which is
similar to EEG but better able to
detect signals from this convoluted
area of the brain (Baillet, 2017).
Conclusions
Social synchronization may not
be the most immediately critical
area of study, but understanding
how it works leads to not only
satisfied curiosity, but contributes
to a body of knowledge that can
solve tomorrow’s problems. As
two-person neuroscience develops
using measures of social synchronization, new questions are asked
and new perspectives are taken
on a field that is itself constantly
emerging. By answering the frivolous questions, we approach the
answers to more fundamental explorations on the field: how do we
connect with one another?
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